Slime production by bacterium W3A1 was greatly enhanced during growth on methanol and, to a lesser extent, during growth on trinethylamine. Of the major dehydrogenases synthesized, trimethylamine and methylamipe dehydrogenases were induced to different levels by certain carbon sources, while methanol dehydrogenase was expressed during growth on all carbon sources.
Bacterium W3A1 (NCIB 11348) has been classified as a restricted facultative methylotroph because of the narrow range of compounds which support its growth (5) . Four C1 compounds, methanol, methylamine, dimethylamine, and trimethylamine, are known to support growth, and of 50 non-C1 compounds tested, only glucose could support very slow growth (5) . This bacterium has become an important source of some unusual and potentially interesting enzymes that catalyze the oxidation of C1 compounds (1) . The trimethylamine dehydrogenase of bacterium W3A1, which catalyzes the oxidative N-demethylation of trimethylamine, contains two prosthetic groups, a covalently bound (6-Scysteinyl)flavin mononucleotide and a (4Fe-4S) cluster (11) .
This enzyme has been the subject of mechanistic studies (18, 19) and structural determination by X-ray crystallography (14) . The methanol dehydrogenase and methylamirie dehydrogenase of bacterium W3A1 are believed to contain an unusual pyrroloquinoline-quinone cofactor (8) , and these enzymes from this and other methylotrophs have been the subject of extensive mechanistic studies (7, 13, 16) . Methanol dehydrogenase and methylamine dehydrogenase have been localized in the periplasm of bacterium W3A1 (12) , and the biosynthesis, export, and assembly of this methanol dehydrogenase have been investigated (6) . Despite the interest shown in the enzymes produced by this bacterium and its use in studies of protein biosynthesis, bacterium W3A1 is a poorly defined organism. This paper examines enzyme expression and slime production in bacteriuim W3A1 as a function of carbon source. The results of this study pose interesting questions concerning the mechanism by which slime production is regulated, define the optimum conditions for the growth of bacterium W3A1 for the preparation of enzymes and use in other biochemical investigations, and should help to more clearly define the uncertain taxonomic status of this bacterium.
Cell extracts of bacterium W3A1 were prepared by sonication and assayed for the activities of the three major dehydrogenases that are synthesized by this bacterium. Dye-linked spectrophotometric assays were used to quantitate the activities (Table 1 ) of methanol dehydrogenase (2), methylamine dehydrogenase (9) , and trimethylamine dehydrogenase (4). Only methanol dehydrogenase activity was detected in cells grown on methanol or glucose. The synthesis of this enzyme was constitutive, to the extent that it was expressed during growth on each carbon source. The higher levels of expression observed in cells grown on methanol and the methylamines suggest also that this enzyme is (i) induced to higher levels by methanol or formaldehyde (a product of the oxidation of methanol and methylamines) or both, or (ii) partially repressed during growth on glucose. Alternatively, the synthesis of the structural protein may be constitutive, whereas the biosynthesis of the pyrroloquinoline-quinone cofactor is more effectively induced by methanol or formaldehyde or both. The other two enzymes were induced to different levels depending on the carbon source. Trimethylamine dehydrogenase activity was induced only by dimethylamine and trimethylamine, to approximately the same levels. Methylamine dehydrogenase expression was greatest in cells grown on mnethylamine.
Dimethylamine was also able to induce lower levels of this enzyme, and much lower activity was detected in cells grown on trimethylamine.
Bacterium W3A1 produced variable amounts of slime during growth. The dependence of this phenomenon on the carbon and nitrogen source(s) was examined independent of other parameters. To determine which factors regulated the production of slime, cells were grown aerobically at 300C on 1.4% agar plates containing the medium of Owens and Keddie (15) , supplemented with several different combinations and concentrations of available carbon and nitrogen (Table 2) . This medium, which contains 4 mM nitrogen present as (NH4)2SO4 and no added carbon, was chosen because it has been the most commonly used for studies involving bacterium W3A1 (6, 11-14, 18, 19) . The only variables in this study were the carbon and nitrogen sources present. Except for glucose-grown cells, which grew more slowly, after 2 days of growth the colonies of cells grown on the different carbon sources were indistinguishable from one another. Each was approximately 0.5 mm in diameter, circular, and white to translucent in appearance. From day 3, colonies of methanol-grown cells continued to increase in size and became increasingly mucoid, white, and irregular in form. On day 5, colonies of cells grown on trimethylamine also began to produce a viscous substance which was somewhat more translucent and less dense than that produced by methanol-grown cells. Colonies of cells grown on methylamine and dimethylamine remained similar in size and appearance after 14 days and gave no evidence of slime production. The physical appearance of colonies of cells grown on glucose was essentially identical to that of cells grown on methylamine and dimethylamine. It is evident from these data ( Table 2 ) that the relative concentrations of available carbon or nitrogen do not of themselves influence the production of slime. Thus, slime production by bacterium W3A1 is induced, or at least greatly enhanced, by the presence df methanol or trimethylamine in the growth mediutn, with the induction by methanol occurring more rapidly and to higher levels.
Qualitatively similar results were obtained with cells grown in liquid culture. Whereas cells grown on methylamine and dimethylamine displayed only a slight tendency to aggregate and were easily dispersed by vortexing, those grown on methanol and trimethylamine formed numerous clumps, which could not be completely dispersed by vortexing. As such, it was not possible to obtain reliable cell counts from plates after dilution of cultures or to accurately monitor growth by optical measurements. Most, if not all, of the slime sedimented with the cells on centrifugation and was not easily removable. With procedutes routinely used to decapsulate cells, such as blending and extraction with salts or solvents, it was not possible to cleanly separate the slime from the cells for a precise chemical analysis without risking significant cell breakage. To provide some quantitative measurenlent of slime production by cells in liquid culture, the total polysaccharide present in the culture medium of latelog-,phase cells was determined by the Anthrone method (17) with glucose used as a standard. Significantly greater amounts of polysaccharide were present in the cultures of cells grown on methanol and trimethylamine, 137.0 and 30. 7 ,uag/ml, respectively, thani in cultures of cells grown on methylamine and dimethylamine, 12.4 and 9.6 ,ug/ml, respectively. The increased levels of polysaccharide observed in cultures of methanol-grown cells, relative to trimethylaminegrown cells, was consistent with the observed denser slime produced by methanol-grown cells on solid media, relative to the slime produced by trimethylamine-grown cells.
The increased slime production by bacterium W3A1 during growth on methanol and trimethylamine poses interesting questions concerning the mechanisms of regulation of, and physiological changes associated with, the synthesis of the slime. One can only speculate about the function of this slime in vivo. Bacterium W3A1 was originally isolated from river water (5) . In such an environment, other bacteria would be a major source of useable carbon: methanol produced during the microbial degradation of pectin and the oxidation of methane and trimethylamine produced by the bacterial oxidation of trimethylamine N-oxide, an important constituent of fish. The production of slime in the presence of methanol and trimethylamine could allow bacterium W3A1 to enjoy high concentrations of carbon sources, which This study also defines the optimum conditions for the growth of this bacterium. In previously reported studies, the trimethylamine dehydrogenase of bacterium W3A1 has been prepared from cells grown on trimethylamine (11, 18, 19 
